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(54) Slot antenna 

(57) An antenna arrangement is provided in which a 
slot antenna (15) is attached to the surface of an equip- 
ment case (14) made of a dielectric material, there being 
provided also a ground plane (21) spaced a small dis- 
tance apart from the case and behind the antenna. The 
equipment may be a personal computer, e.g. a notebook 
computer, and the antenna, which may take the form of 
a copper (oil (16). may be attached to the lid (14) of the 
computer by an adhesive on its rear surface. The ground 
plane may in this case, take the form of an existing dis- 
play backplane (21,22). The invention provides for the 
realisation of acompact antenna arrangement due to the 
effect of the case dielectric on the effective electrical 
length of the slot antenna 
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Description 

The invention concerns an antenna arrangement, 

and in particular, though not exclusively, an antenna ar- 
rangement suitable for use with portable electrical equip- 
ment. 

There is a growing need for low-cost, simple and 
compact antennae for use with wireless local area net- 
work (WLAN) equipment operating at 1 to 3 GHz. 

In accordance with a first aspect of the invention, 
there is provided an antenna arrangement for an electri- 
cal apparatus having a case composed of a dielectric 
material, the antenna arrangement comprising a portion 
of said case, a ground plane and a slot antenna element, 
the ground plane being in a spaced relationship to a sur- 
face of said case portion and the antenna element being 
located between the ground plane and said surface and 
attached to said surface. 

The advantage of this arrangement is that the juxta- 
position of the antenna element and the dielectric case 
surface results in an increase in the effective electrical 
length of the antenna, thereby enabling the physical 
length, and overall physical size, of the slot antenna to 
be reduced. This makes for greater compactness, espe- 
cially in small, portable equipment in which the antenna 
arrangement may be used, and a decrease in material 
costs. 

The ground plane may be spaced approximately 
one-sixtieth of a wavelength, according to a frequency 
of operation of the electrical apparatus, away from the 
slot antenna element. The spacing of the ground plane 
from the antenna element affects the antenna beam 
width, and, although It Is not critical, it has been found 
that the above-specified spacing results in an acceptable 
beam width. 

The antenna arrangement may comprise a connec- 
tion means coupled to the slot antenna element at a point 
which gives rise to a minimum standing wave ratio. The 
connection means will usually be a length of 50Q coaxial 
cable connected to opposite edges of the slot. 

The case may be a case of a portable computer, said 
case portion may be a portion of a lid of the computer, 
said surface may be an inner surface of said lid and said 
ground plane may be a conductive rear surface of a dis- 
play circuit board attached to said lid. 

The antenna element may comprise a copper foil 
with a slot dimensioned to provide a quarter- or 
half-wavelength antenna. The copper foil may be 
equipped with an adhesive on one side for attachment 
to the surface of the case. This has the advantage that 
an existing computer or other piece of electrical equip- 
ment may be readily provided with an antenna by merely 
locating a suitable flat surface on the inside of a lid or 
other part of the equipment and pressing the adhe- 
sive-coated surface of the antenna foil down firmly onto 
that surface. 

In accordance with a second aspect of the invention, 
there is provided an electrical apparatus comprising an 


antenna arrangement as described above. It is envis- 
aged that the antenna arrangement of the invention will 
be used mainly in personal computers or so-called "per- 
sonal digital assistants" in which space and compact- 
s ness are of primary concern, thus the electrical appara- 
tus may be a portable computer. 

The electrical apparatus may comprise one or more 
further antenna arrangements to form a diversity config- 
uration. Such a configuration is well known as a means 
10 of combatting the effects of multipath propagation com- 
mon in a typical office environment, for example, in which 
many sources of reflection (e.g. walls, floors, filing cabi- 
nets) may be present. 

The invention will now be described, by way of ex- 
15 ample only, with reference to the drawings, of which: 

Figure 1 is a general view of an electrical apparatus 
incorporating an antenna arrangement according to 
the invention; 

20 

Figure 2 is a detailed view of the antenna area of the 
electrical apparatus of Figure 1; 

Figure 3 shows two diversity arrangements which 
25 may be employed in the antenna arrangement 
according to the invention. 

Referring now to Figure 1 , an electrical apparatus In 
the form of a portable personal computer (a "notebook" 
30 computer) 1 0 is shown comprising a body portion 1 1 and 
a lid portion 12 containing a display 13, which may, for 
example, be a liquid crystal display (LCD) or a gas dis- 
charge display. The display Itself is mounted on a back- 
plane and is spaced apart from the inner major surface 
35 1 4 of the lid portion 1 2. Attached to an area of the inner 
major surface 1 4 is a slot antenna element 1 5 shown dot- 
ted behind the display 1 3. 

A more detailed representation of the antenna ar- 
rangement is given in Figure 2. In Figure 2, the slot an- 
40 tenna element 15 is shown attached via an adhesive 
coating on its rear side to the inner surface 1 4 of the lid 
portion 1 2 of the computer. The antenna element 1 5 con- 
sists of a copper foil 16 of dimensions 70mm X 30mm, 
in which is formed a rectangular, 40mm X 3mm slot 17. 
45 The slot 1 7 acts as a half-wavelength antenna for oper- 
ation at 2.54 GHz. The slot would without the provision 
of the case be roughly 60mm long at that frequency, but 
because the dielectric case has the effect of increasing 
the effective length of the antenna, the slot is shortened 
50 to 40mm, thereby providing a substantial saving in space 
and material costs. 

The copper foil is arranged to be greater than five 
skin-effect depths in thickness. A thinner foil results in an 
increase in losses. The skin-effect depth is 6.62/Vf cm, 
55 i.e. at 2.54 GHz. 12.65 |im. Thus the foil is made to be 
at least 35 |im thick at this particular frequency. 

The slot is interfaced to the associated transmit- 
ting/receiving circuitry by a 50^ coaxial cable connection 
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18. The inner core of the cable is soldered to the upper 
edge of the slot at a point 1 9 and the outer sheath to the 
lower edge at a point 20. the two points being chosen to 
provide at the same tinne as near a perfect 50Q connec- 
tion as possible and the lowest possible voltage standing 
wave ratio (VSWR). 

A ground plane is mounted In the lid portion 12 just 
behind the slot antenna element 15 and takes the form, 
here, of the ground plane 21 on the rear side of the print- 
ed circuit board 22 holding the computer display 13. Ide- 
ally, the ground plane 21 is arranged to be approximately 
2mm away from the antenna element 15 In order to pro- 
vide an optimum beam width at a frequency of 2.54 GHz. 
However, this distance is not critical and in practical com- 
puter settings (the invention allows for the antenna ele- 
ment simply to be attached to the lid of an existing com- 
puter) this distance may well be greater or less than this. 
At all events, however, there must be a ground plane be- 
hind the antenna if the latter is to function correctly. 

Where the Invention is to be used in an environment 
in which multiple reflections are likely to be experienced 
(typically, an office-type environment, for example), it 
may be necessary to Incorporate diversity into the an- 
tenna arrangement. Figure 3(a) shows one such ar- 
rangement, in which two antenna elements are mounted 
close to each other at right angles. This system is ac- 
ceptable where the size of the equipment in which the 
antenna is to be used is small, as in the case of a note- 
book computer. However, where more space is availa- 
ble, two such antenna elements could be mounted an 
odd number of quarter wavelengths apart. In order to 
minimise interaction between the antennae, the pre- 
ferred distance between them Is ^ 3X/4. This is shown 
In Figure 3(b). 

While the Invention Is conceived primarily for use 
with small, portable electrical equipment, the antenna ar- 
rangement described may also be employed In larger, 
stationary equipment. Clearly, the dimensions of the an- 
tenna element used will vary according to the frequency 
of operation and the dielectric properties of the case ma- 
terial employed. In practice, when it is known into what 
specific equipment the antenna arrangement is to be in- 
corporated, an initial check of the properties of the case 
material is made, principally dielectric constant, and an 
Initial calculation of antenna dimensions including the 
pick-off points 19 and 20 then carried out. Subsequently, 
in production, those dimensions, particularly the pick-off 
point, can be adjusted to give the best results in practice. 
Once the correct measurements have been arrived at, 
they should rennain the same during an entire production 
run, provided the equipment manufacturer continues to 
use the same case (case thickness, dielectric constant, 
etc. ). Even where the manufacturer decides to obtain the 
case from another source, the electrical differences be- 
tween cases from different suppliers are unlikely to be 
great enough to cause significant problems in the per- 
formance of the antenna arrangement provided by the 
invention. 


Also, where the antenna arrangement Is to be used 
with electrical equipment In which a suitable ground 
plane is not already available, such as the display ground 
plane In the personal computer, such a plarie must be 

^ specifically provided. 

The antenna arrangement may be covered by a lay- 
er (not shown) of a composite material having a frequen- 
cy selective surface comprising an array of metallic 
patches or slots which allow electromagnetic radiation to 

^0 pass only at or near their resonant frequencies. By this 
means any spurious out-of-band emissions which may 
be generated by frequency-hopping spread spectrurn 
signals generated by the WLAN transmitter may be*re-' 
duced, and saturation of the receiver front-end circuits 

'5 by out-of-band radio frequencies may be avoided. 

Claims 


20 1 . An antenna arrangement for an electrical apparatus 
having a case composed of a dielectric material, the 
antenna arrangement comprising a portion of said 
case, a ground plane (21) and a slot antenna ele- 
ment (15), the ground plane being in a spaced rela- 
ys tionship to a surface (14) of said case portion and 
the antenna element being located between the 
ground plane and said surface and attached to said 
surface. 

30 2. An antenna arrangement as claimed in Claim 1 , in 
which said ground plane (21) is spaced approxi- 
mately one-sixtieth of a wavelength, according to a 
frequency of operation of the electrical apparatus, 
away from said slot antenna (15) element. 

35 

3. An^antenna arrangement as claimed in Claim 1 or 
Claim 2, comprising a connection means (18) cou- 
pled to said slot antenna (15) element at a point 
which gives rise to a minimum standing wave ratio. 

40 

4. An antenna arrangement as claimed in any one of 
the preceding claims, in which said case (11, 12) is 
a case of a portable computer, said case portion is 
a portion of a lid (12) of the computer, said surface 

45 Is an Inner surface (14) of said iid and said ground 
plane is a conductive rear su.face (21) of a display 
circuit board (22) attached to said lid. 

5. An antennS arrangement as claimed in any one of 
50 the preceding claims, In which said antenna element 

conip/jses a copper foil (16) with a slot (17) dimen- 
slotied to provide a quarter- or half-wavelength 
antenna. 

6. A(n antenna arrangement as claimed in Claim 5, In 
/which said copper foil (1 6) is equipped with an adhe- 

/ sive on/one side for attachment to said surface ( 1 4). 
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7. An electrical apparatus comprising an antenna 
arrangement as claimed In any one of the preceding 
claims. 

8. An electrical apparatus as claimed in Claim 7, in S 
which the electrical apparatus is a portable compu- 
ter. 

9. An electrical apparatus as claimed in Claim 7 or 
Claim 8, comprising one or more further antenna ?o 
arrangements in a diversity configuration. 
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